Autotrophic nitrogen removal by anaerobic ammonium oxidizing (anammox) bacteria is an 18 energy-efficient nitrogen removal process in wastewater treatment. However, full-scale 19 deployment under mainstream conditions remains challenging for practitioners due to the high 20 stress susceptibility of anammox bacteria towards fluctuations in dissolved oxygen and 21 temperature. Here, we investigated the response of microbial biofilms with verified anammox 22 activity to oxygen shocks under favorable and cold temperature regimes. Genome-centric 23 metagenomics and metatranscriptomics were used to investigate the stress response on various 24 biological levels. We show that temperature regime and strength of oxygen perturbations 25 induced divergent responses from the process level down to the transcriptional profile of 26 individual taxa. Temperature induced distinct transcriptional states in compositionally identical 27 communities and transient pulses of dissolved oxygen resulted in the upregulation of stress-28 response only under favorable temperatures. Anammox species and other key biofilm taxa 29 display different transcriptional responses to the induced stress regimes.
Introduction
rRNA databases. Non-rRNA reads were mapped against the co-assembled metagenomic 215 contigs (n = 9) using BBMap v35.92 with the parameters 'minid = 0.95', which specifies a 216 minimum alignment identify of 95%. Ambiguous reads with multiple top-hit mapping locations 217 were assigned to a random ORF ('ambig = random' option). Read counts were calculated for 218 each predicted ORF using the FeatureCount option in the subread package 49 . Raw counts were 219 normalized for sequencing depth and gene length and expressed as transcripts per million 220 (TPM) 50 as a proxy for gene expression. The same workflow was applied to all recovered draft 221 genomes to compare gene expression patterns across recovered MAGs. The relative transcript 222 abundance (a) in TPM of the MAG was calculated according to Eq. 1 from the absolute number 223 of cDNA reads that calculated from the total number of mRNA reads that mapped to the MAG, 224 divided by the genome length (bp) and normalized for sequencing depth (TPM). The obtained COG abundance matrix was used as input for the metamds (with the Jaccard 241 option) function of the vegan package. removal per hour within a cycle tended to increase after the baseline period (3.9±0.7 mgNH4-255 N·L -1 , not significant), the reactor performance showed an opposite, decreasing trend at 14 °C 256 to an average of 2.5±0.4 mgNH4-N·L -1 which was significant (linear regression, p < 0.005 for all 257 reactors; R1: r 2 = 0.8; R2: r 2 = 0.7; R3: r 2 = 0.6) ( Figure 1B and C) . To understand the susceptibility of reactor performances to DO perturbations in more detail, 263 we analyzed the SBR cycles and corresponding average NH4 + removal rates at a half-hour 264 temporal resolution (Figure 2A and B) . Here, a clear distinction in performance decay between removal activity in all reactors at 20 °C (Figure 2A ) but only partly at 14 °C ( Figure 2B ).
269
However, after the 1.0 mg L -1 DO perturbation, all disturbance effects were rapidly reversible, Figure 1A) . Interestingly, the time to reach maximum inhibition 273 of the NH4 + removal rate was nearly the same for both temperature regimes and oxygen Figure 1B) . On average, it took 72±4 min to reach the maximum 275 inhibition of the NH4 + removal rate after start of the DO perturbation.
concentrations (Supplementary

277
Microbial community structure and genetic potential
278
Based on the short-term nature of the experiment and generally weak disturbance effects we 279 did not expect changes of the microbial community composition. Our metagenome analysis 280 confirmed that microbial community composition and functional potential was stable ( Figure   281 3A, Supplementary Figures 2, 3) as was the distribution of anammox species ( Figure 3B ).
282
Differences between the samples, mainly on the species level are thought to primarily reflect 283 carrier-to-carrier variation 54 . approximately 70% of the total community composition, However, Proteobacteria represented 288 the largest Phylum of the community accounting for ~40% of the total abundance ( Figure 3A) .
289
Other organisms that displayed moderate abundance were affiliated with Nitrospirae,
290
Gemmatimonadetes and Acidobacteria. Jettenia ( Figure 3B) . Candidatus Brocadia was the most abundant genus of the community 297 ( Supplementary Figure 2) . Interestingly, NOB from the Genus Nitrospira accounted for ~3%
298 Figure 3 A Relative abundance of the top 15 bacterial phyla of the biofilm carrier community derived from metagenomic sequencing. Labels denote Reactor (R1, R2, R3) and time of sampling, _Baseline (Pooled from 20 °C and 14 °C experiment), _20 (after the 20 °C experiment), _14 (after the 14 °C experiment). Colors represent the different bacterial phyla. B Relative abundance of Anammox species within the samples derived from the same dataset -these species are the main contributors to the Planctomycetes phylum in (A). One ring is one samples and from the inner ring to outer ring samples follow the same order as in A (R1_baseline to R3_14 (n=9)). Table 1 Binning statistics of MAGs recovered from the anammox community
